In this paper we analyze the determinants of outward FDI (OFDI) 
Introduction
Many studies on international trade and investment highlight the fact that the liberalization of trade and equity ownership adopted by many countries during the late 1980s accelerated the growth of cross-border FDI flows. This worldwide liberalization of FDI norms encouraged Indian firms to undertake investment abroad as well. Following the experience of many countries, the Indian economy also witnessed rapid growth in outward FDI (OFDI) from the late 1990s. Indian firms generated revenue from foreign markets not only through exporting but also by investing in foreign markets in the form of OFDI 1 during this period. This outward investment started increasing in the latter half of the 1990s and maintained a phenomenal growth after 2000. In 2009, manufacturing accounted for almost 46 per cent of the total flow of OFDI from India. During this period, the share of manufacturing in the stock of OFDI from developing countries remained about 13.5 per cent. The total stock of OFDI from India increased from 0.01 to 0.41 per cent of the world total during the period from 1990 to 2009 (see table A1 in the appendix).
The growth of OFDI and its changing pattern put forward several issues regarding the factors that determine OFDI from India. This paper addresses these issues by studying the determinants of OFDI from India in the context of the Indian manufacturing sector. Although there exist a number of studies pertaining to various economies, attempts to address the issue in the context of India remain limited. Against this background, the main objectives in this paper are first, to test whether the OFDI decision of firms depends on firm-level productivity; second, to test whether exports and OFDI are complements or substitutes in the Indian manufacturing industry; and third, to analyze the role of technological efforts in the form of R&D and technology imports in determining OFDI. This study is an improvement over previous studies in two aspects. First, in contrast to previous work, the empirical framework in this paper explicitly controls for unobserved heterogeneity and allows for endogenous initial conditions simultaneously by using dynamic Probit and Tobit models. Second, the study includes technology efforts (in terms of R&D and technology imports) as a heterogeneity factor other than firm-level productivity and examines the impact of this factor in determining the OFDI of Indian manufacturing firms.
The study is organized as follows: Section 2 discusses the theoretical reasoning and empirical literature. Section 3 discusses the methodology. Section 4 discusses the data sources, hypotheses and variables. Section 5 discusses summary statistics, and Section 6 puts forward the results of the regression analysis. Section 7 concludes with the findings.
Theoretical reasoning and literature review
The theoretical propositions put forward by Hymer (1976) , by Caves (1971) and later by Dunning (1977) explain the major reason for the emergence of multinational enterprises and cross-border investments. The approach taken by Hymer (1976) and by Caves (1971) asserts the importance of intangible assets in determining the growth of multinational firms. Intangible assets such as technology, managerial skills and technology know-how determine the nature and ability of a firm to undertake cross-border investment. Dunning (1977) , through his eclectic approach, highlighted ownership, location and internalization advantages as key factors determining the development and growth of multinational firms. The arguments put forward by Hymer (1976) , Caves (1971) and Dunning (1977) have dominated the research on crossborder investment for many years. Most of the empirical studies that have been based on these theoretical propositions have highlighted the growing importance of firm-specific characteristics such as firm size and technology as important factors determining outward investment from home countries (Blomstrom and Lipsey, 1991; Lall, 1983; Pradhan, 2004; Kumar, 2008) .
However, in recent years, the theoretical literature has adopted formal models in which the primary drivers for internationalization choices are not industry characteristics such as intangible assets, transport costs, trade barriers and exchange rates but the heterogeneity in firm-level productivity (see, for example, Melitz, 2003; Helpman, Melitz and Yeaple, 2004) .
2 Some studies argue that fixed costs are higher for engaging in direct production abroad than for exporting, but foreign production permits firms to curtail transportation costs (Brainard, 1997; Helpman et al., 2004) . In this context, only the most productive firms are able to manage production abroad; firms with lower productivity export, and the least productive firms operate only in the domestic market. Hence, a positive relationship exists between firm productivity and the degree of participation in international markets. Firms with low productivity serve only the home market, whereas better performers can succeed in export markets and firms with the highest productivity can establish production plants in foreign markets and engage in horizontal FDI.
The theoretical literature highlights home-country exports as an important determinant of OFDI. However, it postulates both a complementary and a substitutive relationship between exports and OFDI. Markusen (1984) predicted a complementary relationship between exports and vertical FDI. By using a general equilibrium model, he predicted that if identical countries are involved in producing identical bundles of goods then direct investment could act as a complement to commodity trade. Brainard (1997) proposed a model of trade with differentiated goods to identify the trade-off between proximity to customers in terms of direct manufacturing abroad and concentration of production based on economies of scale. The findings indicate a proximityconcentration trade-off between exports and horizontal FDI. The basic assumption of the model is that firms are likely to choose FDI over exports in the context of higher transport costs and trade barriers and low economies of scale at the plant level. Transportation costs imply that exports are more costly, and investment barriers imply that FDI is costly. In this case, firms give up concentration of production at one plant, as the foreign plant is an affiliate of the domestic one, and reap the advantages of proximity to the foreign market by setting up foreign production facilities. Economies of scale at the plant level would make it advantageous to concentrate production at 2 Models of industry dynamics proposed by Javanovic (1982), Hopenhayn (1992) , and Ericson and Pakes (1995) discuss in detail the extent of productivity heterogeneity that decides the entry, exit, growth and failure of firms in the market. Empirical reviews of these productivity studies are provided by Caves (1998) , Bartelsman and Doms (2000) , and Syverson (2011 one plant and subsequently choose to export to other locations. In such a case, the firm gives up the proximity of the producing plant and the foreign market. Markusen and Venables (2000) , following the Hecksher-Ohlin structure with the presence of iceberg trade costs, demonstrate how the presence of trade costs and factor mobility decides the internationalization of firms. Technology and factor endowment were identified as important determinants of domestic production and MNE activity. In their model, technology and factor endowment differences lead to the agglomeration of production and MNE activity in the host country.
The empirical evidence on complementarity and substitution between OFDI and exports remains mixed. On the basis of the level of aggregation and methods used, empirical studies can be classified as country level, industry level and firm level. Country-level studies report a dominant complementary effect between OFDI and exports. Clausing (2000) examined multinational firms in the United States (from 1977 to 1994) and found strong positive relationship between exports and OFDI. Subsequently, they concluded that there was a complementary relationship between OFDI and exports. Pfaffermayr (1994) reports similar results in Austria, using time-series econometrics for the period from 1969 to 1991. He found a two-way causality between exports and FDI. Again, the empirical studies on the industry level have produced mixed results. Lipsey and Weiss (1981) show a positive relationship between United States exports and FDI for in 1970 in 14 industries. The results indicate that the higher a firm's output in the foreign market, the higher its exports from the home country. Brainard (1997) validated her theoretical proposition on "proximity-concentration trade-off" by using bilateral trade and investment information obtained from the United States for 1989, disaggregated at country and industry levels. The evidence in the study suggests that multinational activity is more likely in the presence of transport cost and trade barriers. Hence, Brainard concluded that there is a substitution effect between trade and FDI. Blonigen (2001) reports a substitution effect between the production of Japanese automobile parts in the United States and Japanese exports of automobile parts to the United States. However, Blonigen also found a complementary relationship in the case of final goods that are vertically linked. At the firm level, Lipsey and Weiss (1984) report strong complementary effects between United States production of intermediate goods in the host country and United States exports in the same region for 1970. Oberhofer and Pfaffermayr (2012) , using a Probit model, identified a complementary relationship between exports and OFDI for Austrian firms.
Pradhan (2007), using data from Indian manufacturing firms for the period 1991-2000, explains complementarities between export intensity and OFDI. Firm-level studies also identified the role of firm size, firm age and R&D in determining the OFDI of home-country firms. Narayanan and Bhat (2011) studied technology sourcing and OFDI in 130 firms in the high-tech information technology industry in India. Their findings indicate that in-house research and development (R&D) efforts and import of capital goods and technology are important determinants of outward investment for the information technology industries in India. Again, detailed examination of FDI and exports depends highly on the intervening factors and firm-level characteristics (Brainard, 1997) . In this context, technology acquisition efforts at the firm level play an important role in determining firm-level heterogeneity and hence firms' internationalization activity (see, for example, Girma et al., 2008; Aw et al., 2011; Bustos, 2011) . Therefore, a study of the relationship between OFDI, exports and technological efforts in an emerging country such as India remains highly relevant.
Method for identifying the determinants of probability of OFDI and OFDI share
Drawing on the literature discussed in section 2, we examined the determinants of OFDI in Indian manufacturing firms. We used a dynamic Probit model to estimate the determinants of the probability of OFDI and a Tobit model for the share of OFDI (OFDI share ). In this study, the dynamic, random-effects, Probit method proposed by Wooldridge (2005) was used for analyses. By using this method, we take care of two problems: first, the treatment of unobserved heterogeneity, especially in relation to the covariates and, second, the initial status of the OFDI.
The decision of the firm to invest abroad may depend on its past OFDI status. Several approaches are proposed to deal with this problem. Heckman (1981) considered the initial values as endogenous variables with a probability distribution conditional on exogenous variables and unobserved heterogeneity. His method is to approximate the conditional probability of initial values with reduced-form equations using the available pre-sample information. The main problem with this method in practice is that the approximation of the conditional probability of initial values leads to a simultaneous estimation problem of the reduced form and the structural model, and creates a computational burden (for discussion, see, for example, Wooldridge (2005)). The method used by Wooldridge (2005) has two advantages compared with the approach proposed by Heckman (1981) . First, in Wooldridge (2005) , observed covariates and the initial condition determine the unobserved firm-specific heterogeneity, where unobserved heterogeneity follows a specific distribution; second, it takes into account the problem of attrition bias, where attrition is made to depend on the initial condition. 3 Therefore, we use the Wooldridge (2005) method and assume a distribution of the unobserved heterogeneity that allows unobserved, time-invariant, firm-level heterogeneity to be correlated with the initial condition and moments of the covariates. 4 We use the following specification of the model:
Here, the dependent variable OFDI it takes the value 1 if the firm undertakes OFDI in period t and 0 if it does not. EXPint i,t-1 is the variable that captures lagged export intensity. X it-1 captures the technology efforts (this includes the lagged values of R&D intensity (RDint), import of technology capital (Impcint) and import f technology knowhow (Imprint)). Z it is a set of firm-specific characteristics that include firm size (Size), age (Age) and ownership (FP). μ i is unobserved, time-invariant, firm heterogeneity, and it is an idiosyncratic error that is assumed to be normally distributed and uncorrelated with the regressors. In our model we assume that EXP int i,t-1 , X i,t-1 and Z i,t-1 are strictly exogenous, conditional on μ i .
In other words, here it is assumed that unobserved heterogeneity could be expressed as a linear combination of firm-specific time averages of the regressor and the initial condition of the dependent variable as follows:
and (2) where it is assumed that
Hence, for example, in our model the probability of OFDI at time t is given by the following equation:
Estimation is carried out with a standard random-effects Probit model, with EXP int i,t-1 , X i,t-1 and Z i,t-1 as additional regressors. We use a Tobit model to examine the determinants of OFDI share (OFDI divided by total assets). Here, a lot of firms report a zero value for OFDI; hence, left censoring must be taken into account. The OFDI share is modeled by the following random-effects tobit specification:
The rest of the specification remains similar to the Probit model.
Data source, hypotheses and variable description
The study used firm-level data from the Prowess database. The sample period was from 1998 to 2009. The data were collected by the Centre for Monitoring Indian Economy from company balance sheets and income statements; the data cover both listed and unlisted firms from a large cross-section of manufacturing, services, utilities and financial industries. In our study we used only data on manufacturing firms -an average of 4,000 firms for each year in the period. Prowess includes data on exporting, non-exporting (domestic), foreign and outward-investing firms.
We have filtered the data on the basis of the National Industrial Classification (NIC-2008) provided by the Central Statistical Organization. For a few missing data and for cross-checking, we accessed data on overseas investment from the Reserve Bank of India and from company websites.
In this study we propose that the OFDI of Indian manufacturing firms depends on firm-level characteristics such as productivity, exports, firm size, technology imports, ownership and firm age. Investment by Indian multinationals in their overseas subsidiaries divided by total assets is taken as an indicator of OFDI in the case of Indian manufacturing firms. We include those firms that undertake OFDI in manufacturing activity (excluding trading firms). Seven hypotheses related to specific characteristics have been put forward for empirical investigation, as described in the following paragraphs. Firm-level productivity is likely to influence the decision to invest in OFDI by Indian firms. Helpman, Melitz and Yeaple (2004) show that highly productive firms tend to invest in foreign countries rather than export. Hence we expect a positive relationship between firm-level productivity and OFDI. In this study, firm-level total factor productivity (TFP) is estimated using Levinsohn and Petrin's (2003) semi-parametric estimation technique (using electricity expense as a proxy variable). 5 The variables for estimating production have been constructed from input variables; namely output, labour, capital and materials. We employed Srivastava's (1996) method for the construction of capital stock at the firm level. Output is arrived at by subtracting purchases of finished goods from the sales of goods at the firm (and adding a positive inventory change). The number of workers employed at a firm is arrived at by calculating the average wage rate from the Annual Survey of Industries database and dividing it by the salaries and wages reported by the firm. A similar method was followed by Balakrishnan et al. (2000) and Topalova and Khandelwal (2011) . Firmlevel materials expenses have been constructed from the raw materials expenses incurred at each firm and deflated at the 1993-94 base year prices of materials using the special weights constructed from the input-output table provided by the Central Statistical Organization.
(b) Import of Technology:
Import of technology provides firms with important advantages in terms of transferring foreign-grown technologies to domestic subsidiary firms (Pradhan, 2004; Kumar, 2008) . We use two channels for the import of technology by manufacturing firms: imports in the form of capital goods (embodied technology import) and imports in the form of know-how (i.e. import payments made in terms of royalties and fees, or disembodied technology imports). Capital goods import intensity (Impcint) is the ratio of the value of imports of capital goods to sales turnover, and disembodied technology import intensity is the ratio of the value of total import payments on royalties and fees and the like to sales turnover (Imprint).
(c) Export Intensity (Expint):
The export orientation of firms is likely to influence the OFDI decisions of firms. Firms with export experience are expected to have better information regarding foreign market and distribution networks, consumer tastes and preferences in the foreign market, and institutional mechanisms in the foreign countries. This information may help exporting firms to undertake OFDI. The ratio of exports to sales turnover is used as the export intensity of the firm.
(d) Firm Size (Size):
The relationship between firm size and OFDI at the firm level has been widely studied in the literature. Studies indicate that larger firms are more likely to venture abroad and to set up production facilities abroad (see, for example, Caves, 1996) . The deflated value of sales turnover is taken as the size variable. The value of sales is deflated using the appropriate wholesale price index (1993-94 base) .
(e) Age of the Firm (Age):
The experience of a firm in the market could positively influence its decision to undertake OFDI. Studies indicate that experienced firms may have accumulated business and production experience that could be cumulative and may be helpful for initiating OFDI (Tseng et al., 2007; Pradhan, 2004) . Accumulated knowledge also helps firms to learn by doing and to absorb technology know-how (Kumar, 2008) . Hence, in this study we expect that the older and experienced firms in the industry have a higher probability of undertaking OFDI and a higher share of OFDI. The year of incorporation of the firm is used to calculate the age of the firm.
(f) Ownership (FP):
The ownership structure of the firm is likely to influence the OFDI decision for two reasons. Many foreign firms tend to invest in India primarily to expand their business there; hence their expansion outside India is very unlikely and tends to be dependent on the decision taken at the corporate headquarters (Kumar, 2008) . Thus, in the case of foreign-owned firms we expect a negative sign with reference to OFDI. Using the definition of the Reserve Bank of India, the equity ownership of the firm is used to classify firms as foreign and domestic. Firms in which foreign promoters have a share greater than 10 percent are considered to be foreign firms.
(g) R&D Intensity (RDint): R&D initiatives at the firm level may guarantee certain monopolistic advantages to firms by helping them in adapting foreign technologies to domestic conditions and mastering those technologies. Studies carried out in the Indian context highlight positive and significant relationships between R&D investments at the firm level and OFDI decisions (see, for example, Narayanan and Bhat, 2011; Kumar, 2008; Pradhan, 2004) . The ratio of the firm's R&D expenditures to its sales is taken as the R&D intensity of the firm in the year of the study. Table 1 reports the summary of key firm characteristics for the study period (total sample). In our study, the dataset includes 100 percent export-oriented firms as well as firms that cater to the domestic market (export intensity range from 0 to 100). The average age of the firms in the sample is 27 years, which indicates that on average, firms in the sample are fairly experienced. The average value of imports of technology in terms of capital goods (embodied) and imports of technology through payment of royalties (disembodied) shows that capital goods imports are the more preferred means of importing technology. The study includes only those firms that report capital, raw materials expense and energy (indicated by electricity expenses) of a minimum of one crore rupees (Rs 10 million). Table 2 compares the mean for different types of firms: domestic, exporting and OFDI. The study uses a t-test to find out if the mean difference is significant (the comparison groups are domestic firms for exporting firms, and exporting firms for OFDI firms). On average, exporting firms are more productive than domestic firms, but this productivity difference is not significant enough to enable a conclusion. However, it turns out that OFDI firms are more productive than exporting and domestic firms. Note: Domestic firms correspond to firms with no internationalization activity (no export and OFDI). Exporting firms are categorized as firms that are exporting and not involved in OFDI. OFDI firms are MNEs from India (includes firms with OFDI and exports). Rme = raw material expenses. Impcint = import of capital goods intensity (import of capital goods / sales turnover). Imprint = import of technology know-how intensity (disembodied technology import /sales turnover). * indicates mean difference is significant at 5 percent level. The comparison group is for OFDI firms is exporting firms and for exporting firms is domestic firms. Total number of observations: 44,421. Note: Impcint = import of capital goods intensity (import of capital goods / sales turnover). Imprint = import of technology knowhow intensity (disembodied technology import /sales turnover). RDint (R&D expenses as percentage of sales). Total number of observations: 44,421. Table 1 . Descriptive Statistics OFDI firms on average produce more output, labour and capital intensity than exporting firms. It is clear that on average the OFDI firms are bigger than the exporting firms. Furthermore, OFDI firms pay higher rates of worker compensation. The age of the firms indicates that OFDI firms are far more experienced in the market than the exporting firms. Note: ***Significant at the 1% level. **Significant at the 5% level. SE = standard error. Rme = raw material expenses. Impcint = import of capital goods intensity (import of capital goods / sales turnover). Imprint = import of technology know-how intensity (disembodied technology import /sales turnover). Table 3 . Dynamic probit model of firms is based on past productivity levels. R&D and capital goods import intensity indicating the technological efforts undertaken by firms turn out to be significant and positive. Following the approach of previous studies, here we control for age, size and ownership. The lagged values of R&D intensity are significant for the full period as well as for the subperiod. This indicates that OFDI depends greatly on firm-level efforts to spend on innovative activities. The import of technology through capital goods turns out to be a significant determinant of the probability of undertaking OFDI, rather than importing technology in the form of know-how by paying royalties and fees. Furthermore, the probability of undertaking OFDI is also dependent on the experience of the firm in the market, as shown by the coefficient of the variable Age.
Descriptive statistics

Results and discussion
Both subperiod results also indicate that exports are a significant and positive determinant of OFDI of firms in the Indian manufacturing industry. The more experienced the firm is in the industry, the higher is the chance of it undertaking Note: ***Significant at the 1% level. **Significant at the 5% level. SE = standard error. Rme = raw material expenses. Impcint = import of capital good intensity (import of capital goods / sales turnover). Imprint = import of technology know-how intensity (disembodied technology import /sales turnover). The study uses a Tobit model to identify the determinants of OFDI share. This explains the success of firms in the international market or the extent of OFDI undertaken by firms. Table 4 reports the results from the Tobit model. The lagged variable indicating past export status is positive and significant, indicating a complementary relationship between OFDI and the past export performance of firms. The results are similar to the findings from the Probit model.
Conclusion
In this paper, we examined the factors driving OFDI in Indian manufacturing firms. First, we tested the outward investment decision of firms, depending on firmlevel productivity. Second, we tested whether exports and outward investment are complements or substitutes, and third, we analyzed the role of technologyenhancing efforts in the form of R&D investment and import of technology (both embodied and disembodied technology imports) in determining firm-level OFDI. The preliminary analysis indicated that, on average, OFDI firms are bigger, more experienced in the market, invest more in technology (having high R&D intensity and technology imports) and pay higher wages than the exporting firms. OFDI firms are more productive than both the exporting firms and the non-exporting firms. We employed dynamic Probit and Tobit models to analyse the determinants of probability of OFDI and OFDI share. In the case of the probability of undertaking OFDI, both full period and subperiod results indicate strong evidence that OFDI and exports are complementary. R&D intensity and embodied technology imports are significant determinants of the probability of OFDI. Our findings also support the hypothesis that OFDI decisions depend on firm-level productivity. Results from the Tobit model reveal that export intensity is positive and significant in determining OFDI share, indicating a complementary relationship between two alternative modes of internationalization, exports and OFDI. Again, R&D intensity and imports of embodied technology are important determinants of OFDI share. TFP is a positive and significant determinant of OFDI.
The findings from the study raise several policy concerns regarding support mechanisms for OFDI activity from India. The findings that OFDI firms are highly productive suggests the need for special-focus initiatives from the Government for the promotion of Indian multinationals. This productivity growth in the Indian manufacturing sector could be attributed to pro-market liberalization policies adopted by the Government since 1991. However, to enhance productivity at the firm level appropriate policy measures are required. One aspect of government policy that is highly relevant here is deregulation and proper regulation. Poorly regulated markets can create perverse incentives that reduce firm-level productivity (Syverson 2011) . Deregulation and incentive-based regulation may increase firm-level productivity and OFDI from India. Apart from productivity, Indian firm-level OFDI is also dependent on the technological efforts undertaken in India. These efforts take the form of R&D activities and imports of technology. Hence, specific policy measures could be envisaged to promote in-house R&D efforts and the establishment of collaborative research laboratories by Indian MNEs. The incentives could be provided in the form of tax credits and subsidies for firms conducting R&D. Furthermore, the restriction on imports of capital goods could be eased to make available adequate resources for adoption of technology by Indian firms. , 1990-2009 (%) 
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